Over the past few years there has been a rapid development in the integration and sophistication of technologies that can be used for learning. One of the more interesting delivery technologies is the Compact Disk-Read Only Memory (CD-ROM)(1), which can provide for the individual learner, a vast range of resources. As the learner sits at his or her personal work station, retrieval software can allow access to encyclopedias, research databases, sound libraries, newspaper clippings, picture collections, photographic collections, software libraries, and computer-based instruction including animated sequences. Major publishers are releasing important works through this medium and are thus providing a unique resource for the individual learner. Already the availability of research collections such as the ERIC database has enabled reduced search costs and faster turnaround for investigators who wish to browse through citations and their abstracts. The bibliography which follows this paper was produced using this technology -a CD-ROM of the ERIC database.
Each CD-ROM provides around 550 megabytes of storage which is more than 650 small floppy disks. This means than the storage space required for large information collections has been drastically reduced over its equivalent print or even its floppy disk format. Most of the first commercial CD-ROMs were databases which could be easily converted from mainframe magnetic storage to CD-ROM. Early titles included the complete ERIC database, the Medical database MEDLINE, and many other specialized databases of research literature, toxic chemicals, corporate and industry research reports, etc. More recently the titles (2) include PD-ROM (the public domain software collected by the Berkeley Macintosh Users Group which includes several hundred megabytes of software, shareware, clip art and technical information for the Macintosh), Xiphias Time Table of History (a hypermedia journey which links thousands of different stories about science and technological achievements), The MacroMind CD-ROM (a collection of clip sounds, art movies and animation for use in producing your own desktop video programs), and disks which allow searches of newspaper articles on specific topics. In the last case, it is possible not only to view the topics discussed but also to read the articles and print out copies of the material.
CD-ROM offers a range of learning possibilities which have been largely ignored in the past because of the cost and complexity of providing resources. Learners have often been provided with the specific information rather than being given a general question and required to develop their own search and problem formulation strategy. CD-ROM technology and its later variants (3) pose some interesting challenges for the development of new and alternative teaching/learning strategies. Not only are vast amounts of information available but the learner must know how it can be retrieved, and what are appropriate strategies for searching digitized information. Visual browsing, which was possible with the book, is no longer an option. Instead, the learner must become familiar with scanning through screens of information-digitized encyclopedias. The challenge to developing new learner skills must be confronted by both teacher and instructional designer. Many writers have argued that the information technologies can provide a variety of supplanting skills for the learner; helping the learner to understand a concept more efficiently and effectively (Englebart, 1988) . With CD-ROM as an additional resource, the personal computer can be an extension of the individual's ability to think and manipulate the world around them.
Learning resources have been expanded by the increased density of storage and the interest with which traditional publishers have embraced these new non-print delivery technologies. The number of CD-ROM titles and the ease of producing and distributing copies poses interesting challenges for state education departments. Is a satellite linkup necessary for distance education students when each student could have his or her own copy of the resources and a teleconference quickly convened to cover the tough points! What would it cost to provide multiple copies of this new resource in media learning centres in schools? And, would this be as effective as printed resources.
The miniaturization of information and knowledge collections, together with the increased ability to use the personal computer as a visual and aural presentation device for motion and photographic sequences, has produced a more integrated view of the information and communications technologies. The use of CD-ROM storage and retrieval technology takes the learner one step closer to an integrated learning system. Four years ago Nicholas Negroponte the Director of the Media Lab at the Massachusetts Institute of Technology presented the following diagram as a forecast of what might happen in the communications and computer industries. The result today with CD-ROM and with inventive applications software becoming available has been to create an integrated work platform on which a variety of visual and aural experiences can be presented to and investigated by the user. (Negroponte, in Brand, 1988) 
Hypermedia: Creating new information links
The provision of large quantities of resources has created problems in demonstrating the methods for finding and linking ideas and facts together. Hypercard and other hypermedia products allow links between elements of information in ways not previously available to the teacher. In a recent work by David Jonassen (1989) , the multi-links between information were presented in a regular print medium with suggestions about the page to turn to for further information (although I feel this presentation was not as successful as on computer screen). In a hypermedia environment many links can be made between elements in a information database (with elements which might include any visual, aural, numerical or verbal information). When linked with CD-ROM or other computer-controlled media storage devices, a multimedia workstation is produced. The resulting combination throws out challenges for libraries, media departments, computer departments and the hundreds of separate areas in the education enterprise which have not always talked to each other. They can no longer claim that they are operating with different technologies or media.
CD-ROM can be seen as a catalyst which will bring together all the providers, the keepers, the organisers, the presenters and the users of information and the knowledge derived from it (O'Connor, 1986) . The economics of producing each disk, together the variety of representational forms and quantity of information it can contain, will mean that the diverse groups will need to start talking. Ignoring the challenge and the potential could mean that some people currently calling themselves educational technologists (in the variety of guises -media producer, instructional designer, computer software author, etc.) could require retraining for the new multimedia designer positions to become available. The real gain will be for learners, if they can gain access to workstations using the technology.
As educators, we are faced with increasingly complex decisions in the area of educational technology. In an ideal world, institutions with unlimited funds would pick and choose among technologies to create a state-of-theart, customized instructional environment. Outmoded equipment would be replaced as quickly as new advanced and refined versions appeared on the market. In the real world, however, hard choices must be made about deciding how to invest limited resources -money, personnel, and time, but the CD-ROM technology and the ability to integrate a rich source of learning experiences must be considered as a cost effective and exciting development. 
Notes

Other variants include CD-I and DV-I. CD-I stands for Compact Disc
Interactive. This technology is similar to the CD-ROM technology except that the disc is designed to show restricted motion video (digitally encoded), audio and other digital information such as programs and databases. Each level and type of information will require different amounts of storage space on the disc; therefore, careful design of the disc is essential. For instance, the audio can be specified to be at speech level, LP music quality level, or CD-A quality level. The video is digitized and if full motion is used, it is limited to 60 minutes on a quarter of the screen. The technology is in a beta test version and should be ready for mass release during 1989. CD-I players are estimated to cost about $1100, with discs available for $35. Applications are intended for home and domestic use.! ! DV-I stands for Digital Video Interactive. This technology is similar to the CD-ROM technology except that the disc is designed to show full screen full motion video (compressed digitally encoded) as well as other digital information such as programs and databases. The all-digital system is interactive, allowing user control of foreground video object, text, dynamic graphics, and audio. The major advantage of DV-I over other optical media is the large amount of motion (74 minutes) stored on the compact disc. This technology requires a special compression/decompression technique. Using large mainframe computers, the digital video and audio data are compressed so that fewer bits are required for storage. Each time the DV-I is played, the compressed data must be decompressed in real time. This is accomplished by two special computer chips. The cost of this system is estimated to be approximately $10,000. The initial market for DV-I is the military and industry, where large amounts of high quality video are needed for realism in training simulations. The technology has been under development for the past two years, and experts predict that DV-I prices should be affordable to consumers in early 1990.
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Bibliography on CD-ROM
This bibliography is based on a search of the ERIC database using Silver CD-ROM with Silver Platter retrieval software on a MS-DOS system. Describes the experiences of high school students using microcomputers to access an electronic version of an encyclopedia in the school's media center. The topics discussed include hardware and software requirements of the CD-ROM format, information seeking strategies and problems observed, student satisfaction with the system, and recommendations for similar projects. (CLB)
Becker, Karen A. (1987 Describes the use of several CD-ROM products to provide access to reference sources in a large academic research library. Equipment and staffing problems and solutions, user reaction, and the impact of optical technologies on the library's fee-based searching service and planning for the future are discussed. (1) generation of an over supply of information; (2) cost of information machines; (3) cost of information access; (4) invisibility of the information revolution to the average person; and (5) the "de massification" of mass media. Libraries in secondary and higher education often provide the needed focus for information literacy programs. The public library can provide similar programs for the general population; however, underuse and underfinancing may hinder such efforts. It is necessary to make the components of the online information environment more visible and accessible to potential users -those who are pre-information literate. Not to do so in an active, concerted manner will mean that information needs for significant parts of the population will remain unidentified, unexpressed, and unmet. [14] [15] [16] [17] [18] [19] 1988) . (ED295644) This paper describes the evolution and development of an intelligent information system, i.e., a knowledge base for steel structures being undertaken as part of the Technical Information Center for Steel Structures at Lehigh University's Center of Advanced Technology for Large Structural Systems (ATLSS). The initial development of the Technical Information Center is discussed, and the decisions on hardware and software made in the first year are reviewed. In particular, the factors instrumental in the selection of Turbo Prolog as the programming language are detailed. The computer-based bibliographic database designed during the first year of the project and now under development is described, and lessons from the experience and their impact on the future direction of the project are discussed. Projected future activities -including testing of the bibliographic system, expansion of that system into a complete knowledge based system, and conversion of the system to an optical disc (CD-ROM) storage format -and potential research questions associated with developing and using intelligent information systems are also discussed. 
(1987). In Praise of Mr. S. Platter and His Marvelous, Magnificent CD-ROM Laser Disc Index for ERIC and PSYCHLIT. (ED284579)
These instructions are designed to help patrons of the University of Missouri -Columbia library perform searches on PSYCHLIT, a CD-ROM (compact disc-read only memory) version of the Psych Abstracts database, and a CD-ROM version of the ERIC database, both produced by SilverPlatter Information Services. Basic information is provided about the disk contents, use of the work station function keys, viewing and evaluating records, and printing search results. In addition, a four-part set of instructions, "How to Do a Search on the ERIC/PSYCHLIT CD-ROM indexes," provides the following information:
(1) instructions for performing a practice search using prescribed terms, displaying the retrieved records, and printing the search results; (2) instructions to enable a user to perform a search on a topic of his or her choice and to display and print the results; (3) helpful hints for completing a successful search; and (4) A project at Brown University has developed a set of application and system software that provides access to a database of Classical Greek literature which is stored on a CD-ROM. Information on the origins of the project is provided and the technical development of the system is described in detail, including the creation of Classical Greek fonts, indexing the texts, creating the CD-ROM, developing a device driver for the CD-ROM player, adding support for a compact disk file system, and the creation of a menu interface. The delivery of the system to the Classics and Religious Studies department at Brown is then described, along with a summary of the uses of the system in each department. The progress of the system thus far is evaluated, and some suggestions for further development are made. -5, 1986) . (ED274365) The rate of new technology-driven innovations for information delivery has accelerated over the past three decades. New information delivery formats in the 1950s and 1960s included microforms and, in response to demands from librarians, indexing and abstracting services began to make their publications available on this medium. Electronic processing and delivery of machine readable records became a reality in the late 1960s; magnetic tapes were developed, and online distribution followed. Online usage on a broad scale occurred much more quickly than predicted, first as bibliographic entries, then as abstracts, and finally full-text formats became available online. Recent information delivery mechanisms and issues include floppy discs, downloading, vertical integration, value added, electronic publishing, optical discs, and CD-ROM. These technological applications have had a vast impact not only on the way information is processed and delivered to its point of use, but also on how it is used. During the decade ahead, the need for carefully weighed decisions will be greater than ever. Miller. The next section provides an overview of CD-ROM technology via articles on the hardware, system software, and retrieval software. The third section focuses on production techniques, including data preparation, data indexing, image capture and processing, and compressing and digitizing images. Section 4 considers the elements of design as it relates to the human factor, authoring and development, and project management. CD-ROM publishing is discussed in Section 5, and the applications described in Section 6 include market considerations, CD-ROM in libraries, medical and legal applications, geographic applications, and archive and research applications. Additional resources listed in Section 7 include persons who contributed to the book either by writing an article or by answering questions and giving advice, and companies and individuals contacted during the compilation of the book. An index is provided.
LaRue, James (1988). The Electronic Hermit: Trends in Library automation . Wilson Library Bulletin, 62(6), pp 24, 26, 28, 30, 109. (EJ367789) Reviews trends in library software development including: (1) microcomputer applications; (2) CD-ROM; (3) desktop publishing; (4) public access microcomputers; (5) artificial intelligence; (6) mainframes and minicomputers; and (7) Provides an overview of the capabilities and potential educational applications of CD-ROM (compact disk-read only memory), artificial intelligence, and speech technology. Highlights include reference materials on CD-ROM; current developments in CD-I (compact disk interactive); synthesized and digital speech for microcomputers, including specific products; and artificial intelligence products for educators. This digest reviews three CD-ROM (compact disc-read only memory) versions of the ERIC (Educational Resources Information Center) database currently being delivered or tested and provides information for comparison. However, no attempt is made to recommend any one product. The advantages and disadvantages of the acquisition of CD-ROM databases are discussed, and the vendor address as well as a description of the database scope and information on software capabilities, hardware requirements, and any notable features are provided for the following products: (1) DIALOG OnDisc ERIC, produced by DIALOG Information Services, Inc.; (2) OCLC Search CD450 for Education, produced by the Online Computer Library Center; and (3) SilverPlatter ERIC, produced by SilverPlatter Information, Inc. In addition, a table presents a comparison of the current disc contents, archival disc contents, hardware, CD drives, and prices of the three products. ( (Hanover, NH, January 18, 1986) . (ED273257) The concept of the personal computer (PC) as a stand-alone, single-user computer has had its day. The 8-bit processors cannot support the newer applications, and, although there have been some advances in 16-bit microprocessors, the "second generation" software is immature and does not work well. The immediate problem for colleges and universities is how to replace and/or upgrade their obsolete computing equipment. The trend is toward 32-bit PCs and connecting, sharing databases, and linking departments. The "age of the peripherals" is beginning, and add-ons will include 640K RAM, enhanced graphic boards, laser printers, local area networks, high-resolution graphics monitors, fixed disks, hard disk boards, and CD-ROM players. Future enhancements to existing PC DOS operating systems will incorporate multi-tasking, which will allow users to run a variety of applications simultaneously. The evolution from 16-bit to 32-bit technology will enable users to protect their investment in hardware and software, and software will take full advantage of increased memory, storage, and multi-tasking capabilities. The PC of the future will have to be a strategic education tool for learning. It must be able to program major languages; be capable of accessing library databases; be a remote, online tutorial unit; be able to download instructional databases to fixed disk storage or a CD-ROM device; be a terminal for electronic mail, class assignments, and campus news; be an efficient word processor with a full keyboard; and have graphics-based software and sound/voice capabilities. Advanced versions of the laptop computer will be especially important for student use. (DJR) O 'Connor, Mary Ann (1986 The relative effectiveness of the CD-ROM information retrieval system, InfoTrac II, and the manual "Readers' Guide to Periodical Literature," was studied. Seventeen community college students were divided into two groups which researched the same questions either on CD-ROM or in the printed index. Results showed the "Readers' Guide" to be more effective. (6 references This report examines the potential impact of optical media -videodiscs, compact audio discs, and optical disks, tapes, and cards in library related applications. A detailed consideration of the technology includes discussion of the underlying principles, the various forms in which the technology is marketed, production methods and costs, and the capabilities of each different medium. An introductory chapter outlines the different forms of optical media and their potential applications in libraries. Each of the remaining 11 chapters then addresses the details of one of the following technologies: videodiscs; interactive videodiscs; recording digital data on videodisc; videodisc production; compact audio discs and CD-ROM (compact disc-read only memory); videodiscs and CD-ROM as digital publishing media; optical digital discs; optical digital products; and erasable optical media. A number of video and compact audio disc projects currently being developed or investigated in library settings are examined in the appropriate chapters, including audio and video applications at Video Patsearch, the National Library of Canada, the National Library of Medicine, and the Library of Congress; digital data publishing projects at MiniMARC, Information Access Corporation, Carrollton Press, the Library Corporation, and other companies; and library applications of optical digital disk technology at the Library of Congress, the National Library of Medicine, the National Air and Space Museum, the Public Archives of Canada, and Disclosure Information Group. An appendix explains the process of converting text, graphics, and audio to digital form. 
